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The lesions  caused by viruses  range in character  from the acutely 
necrotizing  to  the  continually  proliferative. Little  is  known,  however, 
of  the  relationship  of  thesc  pathogenic agents  to the cells  they  affect 
beyond the  fact  that they  have what appears to  bc an obligatory  as- 
sociation  with  the latter. The  living  cells,  not  thc  organism  of  which 
they  arc  a  part,  function  as  the  rcal  hosts  of  a  virus,  protecting  it  from 
such antiviral  principles  as  may circulate  in the blood.  In the light 
of  thcsc  circumstances  one can  readily  understand  how  recovery  comes 
about from virus  infections  causing  death of the cells,  for  with this 
occurrence  protection  ceases,  and the virus  is exposed to such anti- 
viral  forces  as the host may have possessed or acquired during the 
disease.  No such  explanation  will  serve,  however, to  explain  the  ob- 
served  retrogression  of  growths due to those  viruses  which cause  the 
infected  cells  to multiply in series. Under such circumstances one 
might expect the pathological  proliferation  to go on inevitably  until 
death  of  the animal  ensued.  This does not  always  happen,  however. 
Virus-induced growths vary widely in their  course  and frequently 
they dwindle and disappear (chicken  tumors, rabbit  papillomas). 
The study  rcportcd  hcrc  was  carried  out  with  a view  to  learning  more 
of the respective  parts  played by a virus,  the cells  it  acts  upon, and 
the individual  host in determining the course  of a virus-induced 
growth.  Special  attention  has been given to the phenomenon  of 
retrogression. As  material  the  rabbit  papillomas  caused  by  the  Shope 
virus  (i) were utilized,  for the reason that they are sharply circum- 
*  Reported  in  abstract  before  the  American Association  of  Pathologists  and  Bac- 
teriologists,  Boston, April  i0, 1936 (Am. J. Path.,  1936,  12, 755). 
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scribed,  autochthonous  growths  of  neoplastic  character  (2),  which 
can be directly measured and scrutinized; and because they are known 
to go on growing even though strong antiviral  antibodies  appear in 
quantity in the blood of rabbits bearing them (3). 
Primary Influence of the Virus and of the Cellular Fabric upon 
Which It Acts 
The early course of the growths produced by inoculation of the 
papilloma virus into scarified skin can be referred to the pathogenic 
activity and the concentration of the virus material engendering them, 
and to the character of the cellular fabric upon wMch this acts.  The 
primary influence of the virus on the behavior of the papilloma can be 
likened to that of a shot fired into a medium of greater or less resist- 
ance.  A highly pathogenic virus may cause papillomas to grow for a 
time in a relatively unfavorable milieu, just as a shot of great velocity 
may produce some effect on a  resistant medium.  A weak virus can 
give rise to progressive papillomas in highly susceptible hosts as a shot 
of low velocity can travel far ff little resistance is offered.  Some virus 
strains produce papillomas sooner than do others, and titration tests 
have shown that the incubation time is generally shortest  (with an 
irreducible minimum of about 7 days) in the case of the strains of 
virus that prove  effective in  greatest dilution;  as furthermore that 
these active strains produce more vigorous growths, when inoculated 
according to a standard technique, than do strains with longer incuba- 
tion  periods. 
Papillomas due to one inoculum may run a  highly various course, 
however, even in related domestic rabbits.  In some individuals the 
virus causes fleshy, vigorous papillomas, while in others of the same 
age and weight it  gives rise  to  dry-topped, shallow-based  growths 
which retrogress.  Certain differences in thickness, opacity, and suc- 
culence seem to mark the skins of some rabbits as more or less favor- 
able to growth of the papilloma; but repeated attempts to ascertain 
the character of these differences by histological study, or by micro- 
metric measurement of skin thickness during life, have thus far proved 
unsuccessful.  Whatever the nature of the differences they are not 
specific, for comparative tests have shown that those skins in which jom~  G.  ~D  553 
vigorous papillomatosis is engendered  react with a  more profuse epi- 
dermal proliferation to an intradermally injected solution of Scharlach 
R  in olive oil, than do the skins which give rise to indolent or retro- 
gressing papillomas.  An  illustrative experiment will be given. 
/~xp~i~nt 1.--6 adult, gray-brown, domestic rabbits weighing 2000 to 2500 
gin.  were utilized,  in which tattoo papillomas  from the same inoculum  had run 
different courses.  In  2  of the animals  the papillomas  were large and fleshy; 
they had enlarged rapidly and steadily during the 15 weeks since the virus inoc- 
ulations.  In 2 others small,  shallow based, low,  dry-topped growths  had  en- 
larged slowly; while in the remaining 2 the punctate papillomas  had appeared 
somewhat late and enlarged very slowly, retrogressing  completely 3 to 4 weeks 
after their appearance.  The hair was clipped away from both sides of these rab- 
bits and 0.1 cc. of a saturated solution of Scharlach R in olive oil was injected in- 
tradern~lly through a fine needle into 6 comparable sites on each side of every 
animal.  The sites were reinjected with 0.1 cc. of the Scharlach R preparation 7 
and 14 days later.  When the results were appraised, 5 days after the last of the 
injections,  notable differences were found.  Reactive mounds had been produced 
in all of the animals, and in any one individual the mounds were almost identical 
in character.  Those in the rabbits bearing fleshy papillomas  consisted of large, 
fleshy,  scarlet  papules  with  sharp  contours: they  measured  10  to  16  ram. 
across and were elevated 6 to 9 ram. above the surrounding skin.  In the rabbits 
in which  the papillomas  had retrogressed on the other hand, the mounds were 
lower and smaller (10 to 14 ram. across, elevated 3 to 7 ram.), much less fleshy, 
and they graded more gradually into the surrounding skin.  In the 2 rabbits with 
indolent papillomas  the mounds were intermediate as regards size, fleshiness, and 
color.  Microscopic section of several of the various sorts, procured by operation 
on the 5th day after the last injection, bore out the gross findings.  The injections 
had elicited a marked epidermal proliferation in the skin of the rabbits  bearing 
fleshy papillomas  (Fig. 1), whereas in the skin of those in which the growths had 
retrogressed the proliferation was far less marked (Fig. 2). 
These findings have been borne out in several further experiments 
with a number of skin irritants  (dibenzanthracene in olive oil and ex- 
tracts  of coal tar in  olive oil,  corn oil,  cottonseed oil,  cocoanut oil, 
palm oil, and paraffin oil) applied by injection and inunction.  Gener- 
ally speaking, skins  which reacted markedly to one irritant did so to 
others,  and  in  them  the  papilloma  virus  caused  the most vigorous 
growths. 
The RSle of the Virus in the Phenomenon of Retrogression 
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enon  of  retrogression,  a  group  of  comparable  domestic  rabbits  were 
inoculated at many  separate situations with 3 strains of virus known to 
differ  in  primary  pathogenicity. 
Experiment 2.--10 normal adult gray-brown rabbits weighing between 2000 
and 3350 gm  were secured from a  single dealer.  All were inoculated at 4 points 
on each side with 3 different strains of virus.  The first material (virus fluid A) was 
made from the naturally occurring warts of a  cottontail  rabbit trapped in East 
Texas.  1  These had been in 50 per cent  glycerol for 6  weeks.  Representative 
portions of the glycerolated warts were weighed, washed briefly in three changes 
of Tyrode's solution, and  ground with  sand,  Sufficient  Tyrode's solution was 
then added to make a  10 per cent extract, the extract was centrifugalized lightly, 
and the supernatant fluid was pipetted off for use.  Two more 10 per cent extracts 
were prepared identically from material generously furnished by Dr.  Shope,-- 
virus fluid B  from the natural warts of a  Kansas cottontail (W.R. 1240), in glyc- 
erol for 8 months, and virus fluid C  from those of a  second  Kansas  cottontail 
(W.R.  1211),  in glycerol for  10  months.  The inoculations were made with  an 
electric tattoo machine fitted with nine small sewing needles.  A  small drop of 
virus fluid was placed at each of several sites on the shaved skin and uniformly 
tattooed into an area about 2 nn~. across.  Immediately after the tattooing, the 
excess of virus was blotted up with a  sterile sponge.  4  such inoculations were 
made with each virus fluid along horizontal lines on each side of the rabbits.  The 
inocula were thus placed 3 to 4 cm. from one another, and their relative positions 
were systematically varied from rabbit to rabbit, so that  all were exposed to the 
same influences of situation.  A single virus fluid was inoculated into every rab- 
bit before the next was proceeded to, and the tattoo needles were sterilized before 
each material was utilized. 
The growths resulting from these inoculations were charted at intervals of 2 
to 6  days.  Chart 1 gives a  summary of the findings.  From this it will be seen 
that all 3 strains of virus caused papillomas in every inoculated rabbit, but that 
strain A  was far less effectual than were strains B  and  C.  Host susceptibility 
found general expression, the rabbits most susceptible to one virus strain being 
most susceptible to the others as well. 
In 3 of the 10 rabbits (50, 51, 44) all the papillomas, of whatever derivation, 
enlarged steadily throughout the many weeks of observation; and it is noteworthy 
that all the growths on any one animal eventually attained a fairly uniform size, 
regardless of their virus derivation or differing primary course.  In 6 animals, on 
the other hand, retrogression of all the growths took place simultaneously after 
a time; and the chart shows that in three of these cases (49, 47, 43) the enlargement 
had been as great during the early weeks as in the rabbits (50, 44) in which the 
papillomas grew progressively.  In the case of D.R. 48, all of the growths began 
1  Secured through the endeavor of Mr. R. C. Adams. t5  19 
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CHART  1. 
(A,  B,  C)  in 
Comparative  course  of  the  papillomas  induced  by  3  strains  of  virus 
10  domestic  rabbits  (Experiment  2). 
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to dwindle between the 26th and 30th days, and those from one strain of virus,- 
that which had given  rise primarily to the most  rapidly enlarging  growths,-- 
actually disappeared  for a  while, only to recur later.  Plainly,  in this instance, 
some intercurrent,  generalized resistance of host derivation  transiently influenced 
the course of all of the papillomas, though to an unequal extent,--the most rapidly 
proliferating  cells being evidently most susceptible to its action.  This phenom- 
enon of transient intercurrent retrogression will  be  discussed  more  fully in  a 
later  section. 
In  this experiment  retrogression  of the papilloma was  not  due  to 
peculiarities of the virus strains employed, but was consequent on some 
generalized  influence  exerted  by  the  host;  for,  as  a  rule,  all  of  the 
growths on  any  one  animal  enlarged or  retrogressed  together,  even 
when engendered by virus strains of widely various pathogenicity. 
The Recovery of Virus from Retrogressing Papillomas 
What can be the nature of the generalized host influence responsible 
for retrogression of the papillomas in instances such as the foregoing? 
Mention has already been made of the fact that the sera of rabbits 
bearing  the papilloma  develop  the  capacity  to  neutralize  free  virus 
in vitro or on reinoculation.  Previous experiments have demonstrated 
that the circulating, virus-neutralizing antibodies do not perceptibly 
influence the course of the growths in domestic rabbits, papillomas en- 
larging as rapidly in such rabbits when the blood has great antiviral 
potency  as  when  this  is  slight  (3).  The  living papilloma  cells  evi- 
dently protect  the  virus  from the  action  of humoral  antiviral prin- 
ciples, as other cells do other viruses (4).  Because of this protection 
it should be possible to recover active virus from retrogressing papil- 
lomas, if it has not become attenuated in some other way. 
In the attempt to recover the virus from retrogressing papillomas 
recourse was had to wild cottontail rabbits,  for from experimentally 
induced growths in these natural hosts active virus can be procured 
frequently, instead of rarely as in domestic rabbits.  The  gross and 
microscopic manifestations of retrogression are similar in the two spe- 
cies, as many instances have shown.  Furthermore, in the cottontail 
retrogression of the papilloma is the  result of a  generalized process, 
just as in the domestic species, and multiple growths induced by differ- JOm,  T O.  KInD  557 
ent strains of the virus retrogress simultaneously.  The following ex- 
periment demonstrates that  active virus  can  be  recovered from re- 
trogressing  papillomas. 
Experiment 3.--10 "normal" cottontail rabbits from Kansas were  inoculated 
broadcast on both scarified  flanks with a highly active virus fluid (5 per cent sus- 
pension of  the  glycerolated papillomas of  W.R., 1211),  prepared  as  previously 
described.  Growths appeared after about 10 to  15 days, but in 8 animals they 
were small, discrete, low, dry warts, and in several they soon retrogressed.  Exu- 
berant growths appeared, however, in 2 rabbits.  One of these was killed on the 
28th day and its growths preserved in glycerol; the other (W.R. 27-N)  was ob- 
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CHART 2.  Retrogression and disappearance of the papillomas of W.R. 27-N 
(Experiment 3). 
The hatched area indicates the outline of a subepidermal cyst near the super- 
ficial areas of confluent papillomatosis, such  as  is  often  seen about growths of 
exceptional vigor in cottontails.  Virus was recovered in large amount from  the 
small, dwindling papillomas present on the 314th day. 
served over a long period.  Its growths enlarged rapidly and progressively dur- 
ing the first 4 months to form characteristic, large, confluent and semiconfluent, 
papillomatous masses, 3 to 5 cm. across and 1 to 2 cm. high, with cystic extensions 
into the connective tissue beneath and around them, of the sort forming when 
cottontail growths have exceptional vigor (5).  During the subsequent months, 
nevertheless, they dwindled notably and most of them disappeared, as did all of 
the subcutaneous cysts.  Tracings made  on the  128th  and 314th  days,  which 
illustrate the changes, are given in Chart 2.  On the latter day, when the animal 
was  killed,  there  remained on  the  left  side  5  dry,  pigmented, shallow,  onion- 
shaped papillomas with constricted bases, none over 1.3 cm. in diameter; and a 
single, similar growth  on  the  right  side.  These 6  small growths  were  excised 558  COURSE  OF  VIRUS-INDUCED  RABBIT  PAPILLOMAS 
aseptically and put  into  sterile 50  per cent glycerol-Locke's solution in  the re- 
frigerator. 
10 months later part of the glycerolated material was weighed, washed briefly 
in Tyrode's solution, ground with sand and made up to a 5 per cent suspension in 
Tyrode, and tested for infectiousness, along with 20 other suspensions made from 
glycerolated papillomas from as many cottontails in which growth had been pro- 
gressive.  All were inoculated into squares of skin on each of 3 normal domestic 
rabbits, according to a standard technique (3).  By the 15th day thereafter, mul- 
tiple, discrete growths had appeared on  2 of the rabbits where the W.R.  27-N 
suspension had been inoculated, and by the 19th day on the third rabbit as well. 
The growths due to this virus enlarged steadily into wholly characteristic, con- 
fluent and semiconfluent, fleshy, papillomatous masses, and they showed no tend- 
ency to retrogress.  Upon comparison with  the results from  the 20 other mate- 
rials it was evident that the W.R 27-N virus was notably pathogenic, the growths 
caused by it being even more vigorous than were those caused by most of the in- 
ocula which had been derived from enlarging papillomas.  A  second 5 per cent 
virus fluid prepared a  few weeks later from portions of the  glycerolated W.R. 
27-N  papillomas again produced large,  characteristic growths  when  inoculated 
into 3  new  test rabbits.  The serum of W.R.  27 N,  which had been secured by 
cardiac puncture on the day the papillomas were obtained, was found to neutra- 
lize completely a  5 per cent suspension of highly active virus (W.R. 1240,--more 
than 2000 infective units per dose) when mixed with it in equal parts in vitro and 
incubated at 37°C. for 2 hours prior to inoculation. 
A  later experiment yielded similar results.  Another retrogressing papilloma 
from a  second cottontail (W.R. 21-N) had become available for test,--namely a 
small, discrete, dry growth 0.8 cm. in diameter, secured on the 243rd day after 
inoculation.  On  the  ll6th  day  the  papilloma had  been  2.5  cm.  in  diameter, 
fleshy,  truncated and  onion-shaped, and  it had undergone  the  reduction to  its 
later size during the intervening period, while a number of other large papillomas 
produced on  the  animal by  the  same  inoculum  were  retrogressing completely. 
A 5 per cent extract in Tyrode derived from it produced semiconfluent and discrete 
papillomas by the 15th  day after inoculation in  2  of  4  domestic  rabbits,  and 
by the 20th  day confluent and semiconfluent growths in all. 
It is plain from these instances that  the virus can persist in a  highly 
pathogenic state in papillomas that have long been retrogressing, even 
though  virus-neutralizing  antibodies of  high  potency  are  circulating 
in the blood of the host.  The implications of these facts will be dis- 
cussed in a  later section. 
The Rdle of the Proliferating Cells 
The evidence thus far given makes plain the fact that  retrogression JOHN  G.  KIDD  559 
of  the  rabbit  papilloma  is  consequent  on  some  general  influence  of 
host  derivation,  but  it does not  suffice  to  disclose  the  nature  of this 
influence.  Certainly retrogression can  take place despite the contin- 
ued presence of active virus in association with papilloma cells.  This 
being so, one can scarcely suppose the process to be due to the antiviral 
forces  of  the  host.  Indeed  everything  indicates  that  the  cells com- 
pletely protect  the  virus  against  these  forces. 
The  possibility suggests  itself that  the  virus-infected  cells may  on 
occasion call forth  a  host resistance directed against themselves.  To 
test  this possibility an  experiment was  done  in which  the  amount  of 
papillomatous  tissue  was  greatly  varied in  3  groups  of  animals,  and 
the incidence and  course of retrogression were followed. 
Experiment 4.--30 normal,  adult,  gray-brown domestic rabbits were secured 
from a single dealer, weighed, and notations made on the texture and thickness of 
their skins.  The animals were then divided into 3 groups of 10, each group com- 
parable in  weight and skin characteristics.  One group received on each side 32 
identical tattoo inoculations of 10 per cent W.R. 1240 virus; the second group re- 
ceived 12 such inoculations, while the last group received only 2 on each side.  At 
each site the tattooing was done over an area about 2 ram. across until a  slight 
amount of blood came out into the drop of virus; which was then blotted off with a 
sterile sponge.  The inocula were placed at points at least 2 cm. from one another. 
As in the previous experiment all of the rabbits proved primarily susceptible to 
the action of the virus, growths appearing at almost every inoculation site, and 
nowhere  else.  There  was  considerable  variation  from  host  to  host,  but  the 
growths on any one animal were of the same order of magnitude and fairly uniform 
as regards fleshiness and pigmentation.  They were  charted at intervals of 2 to 7 
days until the 53rd day, and at longer intervals thereafter.  The findings are sum- 
marized in Charts 3, 4, and 5.  One of the animals died 3 days after the virus in- 
oculation and hence is not represented in the charts.  The early findings showed 
the 3 groups to be comparable as regards primary host susceptibility, and the in- 
cidence of retrogression did not vary significantly in the 3 groups. 
Chart 3 shows the growths in I0 animals from the 3 groups in which the papil- 
lomas grew progressively, and in an eleventh in which a  dubious late dwindling 
occurred.  The findings are given for comparison with those next to be considered, 
and  they  need  but  little discussion.  It  will be  observed  that  the  papillomas 
showed a slight tendency to become larger eventually in the animals bearing fewer 
growths; but differences in the blood supply available to each growth, when there 
were 2, 12, or 32onaside, respectively, may account for this difference, and crowd- 
ing may have had some influence when many growths were present. 
Chart  4  shows  the course of events in  13  animals of the  3  groups, in which 
complete retrogression eventually took place.  While  the incidence of retrogres- Day  ~2  31  53  "/7 
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CHART 4.  In  the  rabbits  bearing  many  small  growths  the  papillomas  retrogressed 
earlier and  more swiftly than in the others with few (Experiment  4).  L, R  =  left and right 
sides respectively. 
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sion did not vary significantly from group to group, its time of onset and course 
did so markedly, as the chart shows.  It will be seen that retrogression tended to 
begin sooner, and to take place more swiftly, the larger the number of papillomas 
present on a host, although the individual growths did not differ notably in size. 
In the  4 animals with  64 papillomas retrogression began earlier and was  com- 
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CHART 5.  Transient, intercurrent retrogression of the papillomas in 5 domestic 
rabbits of Experiment 4.  L, R  =  left and right sides respectively. 
pleted more abruptly than in the animals bearing 24 papillomas.  In these, in 
turn, retrogression took place earlier and more swiftly than in the rabbits with 
only 4  papillomas. 
In the remaining 5 animals of the experiment a transient, intercurrent tendency 
to retrogression was evident.  The findings (Chart 5) are comparable with those JOHN G.  KrDD  563 
in rabbit 48 of Chart 1.  In one or two animals of each group some of the papillo- 
mas (usually the smaller) disappeared  completely and permanently between the 
31st and 53rd days, while concurrently other growths  either disappeared  tran- 
siently, dwindled somewhat, remained the same size, or, in rare instances, enlarged 
slightly.  When all of the persisting papillomas began to grow again, some, which 
had disappeared  leaving  mere  small,  dry, shallow, scurfy thickenings  in their 
places, reappeared as characteristic papillomas and enlarged steadily like the rest. 
The  influence of some generalized host  resistance  acting to  bring 
about retrogression is dearly to be seen in the results  of this experi- 
ment, as in Experiment 2 already discussed.  In the present instance 
it was manifest in about the same number of individuals of each group, 
but to an unequal degree.  Often the resistance was only transiently 
and feebly effective.  The greater the number of papillomas induced, 
which is to say, the greater the total amount of proliferating epithelial 
tissue,  the  sooner  did  retrogression  occur  in  the  hosts  predisposed 
thereto, and the more rapidly was the process consummated.  Since 
the influence of virus-induced antibodies can be ruled out as respon- 
sible for the course of events, there is reason to suppose that the host 
resistance was directed against the cells themselves; and there is the 
more ground for thinking so because the manifestation of this resist- 
ance varied directly, both in time of appearance  and in effectiveness, 
with the amount of papilloma tissue present. 
The Histological Changes during Retrogression 
The  histological findings where  papillomas  are  retrogressing  con- 
stitute  significant evidence of a  host resistance  directed against the 
proliferating cells as such, for they are essentially identical with those 
observed  where  transplanted  tissues  (neoplastic  or  non-neoplastic) 
retrogress as a  consequence of resistance known to be directed against 
the  cells. 
The microscopic changes associated with retrogression of the rabbit papilloma 
have already been described, and the resemblance noted to those about retro- 
gressing tissues generally  (2).  In a  further study of the matter, sections of a 
number of small, discrete, retrogressing growths stained with eosin and methylene 
blue have been examined.  The results extend the previous findings. 
Much of the retrogression appears to be due to a slower rate of cellular prolifera- 
tion, with result that differentiation  outstrips it and death of the cells occurs 
through maturation into keratinized scales.  It is often possible to find areas where 564  COURSE O]~  VIRUS-INDUCED RABBIT PAPILLOMAS 
this process is more advanced than elsewhere; and in these the cells are stained 
less darkly, and mitoses are less frequently seen, while lymphocytes and makro- 
phages are often present in considerable number in the underlying connective tis- 
sue.  Everywhere the living papillae become progressively  thinner, the epithelial 
layer more shallow, and finally there is left only a smooth scar covered by epider- 
mis somewhat  thicker than the normal, but appearing to be merely hyperplastic. 
The whole process suggests  a gradual waning  of cellular  activity under the in- 
fluences of an unfavorable environment, with eventual death by maturation of 
all the remaining virus-infected cells. 
Attempts to Elicit Resistance Directed against the Papilloma Cells 
In view of the evidence indicating that retrogression of rabbit papil- 
lomas may be due to a generalized host resistance elicited by and  di- 
rected against  the papilloma  cells as  such, it  seemed we]]  to make a 
direct attempt to bring about such resistance experimentally.  In the 
case of transplantable  mouse  and  rat  tumors  this  has  been  accom- 
plished by preliminary injections of living cells  (embryo skin, blood, 
etc.) into animals to which the growths were to be transplanted.  The 
animals were thus rendered more or less refractory, like hosts in which 
the tumors had previously retrogressed.  Acting upon this knowledge, 
considerable quantities of rabbit embryo skin were repeatedly injected 
into one group of rabbits;  the Brown-Pearce epithelioma was trans- 
planted to another group to obtain individuals in which spontaneous 
retrogression of this tumor had taken place; and a  third, comparable 
group to which nothing was done were retained as controls.  All were 
finally inoculated with the papilloma virus, and the resulting growths 
were observed and their outlines charted from time to time. 
Experiment 5.--7 adult gray-brown rabbits of 2000 to 2500 gm. were injected 
with minced rabbit embryo skin.  Three courses of injection were carried out at 
intervals of 4 to 5 weeks, the last injections being given 2 weeks before the experi- 
ment was begun.  Each course consisted of 4 subcutaneous  injections of 1 or 2 cc. 
of a heavy suspension of freshly procured and hashed 23 to 26 day rabbit embryo 
skin.  A second group of 7 similar rabbits were kept untreated but under the same 
conditions, and when the experiment was done 7 more rabbits of the same breed 
and from the same dealer were utilized, in which good sized Brown-Pearce tumors 
in the skin, subcutaneous tissues, and muscles had retrogressed 2 to 3 months pre- 
viously. 
The 21 rabbits were inoculated identically by tattooing active 5 per cent virus 
(Texas strain) into four spots about 2 ram, across on each side.  Mter 15 to 25 
days small  papillomas  appeared at all of the inoculation sites.  The developing jom~ o.  KInD  565 
growths were charted at intervals of 5 to 7 days until the llth week after inocula- 
tion, when the experiment was discontinued. 
There was no discernible difference  in the behavior of the growths in any of the 
3 groups, either as regards incidence, time of incubation, size, rate of enlargement, 
or onset or incidence of retrogression.  In about half the aninmls in each group 
the papillomas grew progressively; in the remainder they did poorly, either retro- 
gressing abruptly after 6 to 7 weeks or dwindling  more slowly  after 7 to 11 weeks. 
The negative outcome of this experiment was not unexpected, since 
the growths induced by the virus consisted of the animal's own cells. 
Similar attempts by others to alter the course of established trans- 
planted growths, or of autochthonous tumors arising spontaneously, 
or as a  result of tarring have also failed (6).  This fact, and the ex- 
periments just reported, illustrate the limitations of artificial irnrntm- 
ization with  unaltered homologous tissues.  These  elicit  at  best  a 
relatively feeble immunological response, one that can hardly be ex- 
pected to prevail against "spontaneous" tumors or established trans- 
planted growths,  nor  even  against  the papilloma,  a  growth of ex- 
ceptional vigor, which can be produced by inoculation of the virus in 
all normal domestic rabbits,  irrespective of whether they will con- 
stitute favorable hosts later on. 
The Influence of Local Conditions 
Local conditions often play a  part in determining the fate of the 
papilloma,  and  they not infrequently influence the phenomenon of 
retrogression.  Small, discrete growths retrogress much more readily 
than do large, crowded, confluent papillomatous masses on the same 
animal, a fact which can be best perceived when the virus is inoculated 
into many individuals by methods which yield large and small growths 
respectively. 
On many occasions Shope virus has been rubbed into broad areas (about 10 x 
12 cm.) of scarified  skin on the abdomens of normal gray-brown domestic rabbits 
with result that large, confluent papillomatous growths occupying most of the 
inoculated areas appeared after 8 to 16 days.  When  an active virus material had 
been employed  the confluent  growths of this sort generally enlarged  into enormous 
masses, and they did not often retrogress.  When  this did happen, the process 
began only after months, and then the tumors often dwindled  so slowly  that more 
months were required before they disappeared altogether.  It was repeatedly 
noted that they dried down and flaked away slowly  from the periphery inwards; 566  COURSE  O1~  VIRUS-INDUCED  RABBIT  PAPILLOMAS 
and often an area of papillomatosis  which had become confluent secondarily by 
the apposition of masses growing from separate loci was broken up by the process 
of retrogression  into its component parts, each of the latter then dwindling from 
its edges toward its center. 
When the same virus fluids were inoculated with the tattoo machine at many 
widely separated points (about 2 rum. in diameter) or rubbed into several small, 
scarified rectangles (about 3 x 4 cm. in dimension) on the abdomens and flanks of 
comparable hosts, the later course of events was very different.  The growths first 
appeared as  small,  rounded papillomas  at  the  tattooed  sites,  or  confluent  or 
semiconfluent,  small  growths  on  the  scarified  rectangles.  These  all  enlarged 
rapidly.  Often in a  third or more of the inoculated animals,  3 to 6 weeks after 
the virus inoculations,  the  papillomas,  then  up  to  8  ram.  in  height,  abruptly 
ceased to enlarge and began to dry and  dwindle  away, and within a  few days 
all  had  disappeared.  In  contrast with  the group already described,  retrogres- 
sion began soon and was swiftly concluded. 
These observations make it plain  that retrogression of the rabbit 
papilloma, like that of growths consequent on implantation (7), takes 
place predominantly from the periphery inwards; while in  confluent 
growths where large numbers of primarily affected cells are  crowded 
closely together, retrogression is in some way forestalled or hindered. 
The slow rate at which large growths retrogress has some connection 
perhaps with  the  relatively small  ratio of periphery to  total  size. 
So pronounced is the response of the papilloma to such local growth- 
promoting  influences  as  partial  excision,  local  inflammation  due  to 
bacteria, or injections of Scharlach R  in olive oil (2), as to suggest the 
possibility that intercurrent local factors may cause the papilloma to 
grow progressively at  some  situations,  while  at  others lacking  their 
influence, it would retrogress.  To test this possibility multiple, dis- 
crete papillomas were produced on the sides of rabbits, and those on 
one side were stimulated repeatedly while their fellows on the opposite 
side served as controls. 
Experiments 6, 7, and 8.--Three experiments were done, with 14 normal, adult, 
gray-brown rabbits.  Virus was tattooed into the skin at 6 or 8 small  spots on 
each side.  4 to 5 weeks later, when the papillomas  had reached a diameter of 
3 to 8 ram. and were up to 5 ram. high, those on the left side of each animal were 
injected with 0.1 co, of a saturated solution of Scharlach R in olive oil.  The dye 
was put into the base of the growths through a fine, hypodermic needle inserted JOHN O.  KInD  567 
at one edge.  The injections were repeated at weekly intervals until 5 to 9 had been 
given. 
In 6 of the 14 animals the control papillomas enlarged progressively, as did the 
injected ones, the latter far more swiftly.  The course of events in one of these 
animals  illustrates  clearly the extraordinary growth-promoting influence of the 
Scharlach 1~. injections.  Figs. 3 and 4 show the growths of this  animal on the 
183rd day after virus injection.  8 injections of 0.1 cc. of Scharlach R  in olive oil 
had been made into the papillomas on the left side between the 26th and 75th 
days, those on the right being left undisturbed.  On the 61st day one growth on 
each side was removed from corresponding situations for histological study, but 
these later recurred.  When the photographs were taken the undisturbed growths 
were ordinary, small,  discrete papillomas consisting mostly of keratinized  peaks 
deeply cleft and dry almost to their bases; while the injected growths had become 
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CHART 6.  The early course of the growths of D.R. 21  (Experiment 8).  The 
papillomas on the left side (L) were repeatedly injected with Scharlach R  in olive 
oil; those on the right (R) were left undisturbed.  For the later course of events 
see Figs.  5,  6, and  7. 
huge,  coalescent,  fleshy discs,  studded  with  innumerable  "pearls."  Their  sur- 
faces were ulcerating and weeping, and practically devoid of keratinized material, 
with  large,  rounded,  subepidermal  protrusions  extending  laterally  from  their 
bases  in  many places. 
In 7 of the  14 animals  the injected and control growths retrogressed simul- 
taneously 4  to 6 weeks after  the virus inoculations,  but  in two instances  they 
disappeared  rather  slowly and  the  papillomas  that  had  been  injected,  and  in 
consequence had reached a larger size, required 7 to 14 days longer to disappear 
completely than did the control growths on the same animals. 
Striking differences  in  the  course of the  injected  and  control growths were 
observed in the remaining rabbit (D.R. 21, Figs. 5, 6, and 7).  In this animal vig- 
orous, discrete papillomas had appeared at all of the inoculated sites.  Those on 
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olive oil on the 26th, 33rd, 40th, 47th, 54th, and 61st days after the virus inocula- 
tions, whereas those on the right were not interfered  with.  Their course during 
the first 82 days is shown in Chart 6.  It will be seen that the control papillomas 
on the right side of the animal became smaller and disappeared between the 40th 
and 68th days, leaving  flat, smooth, pigmented  scars,--except for one, which re- 
mained as a small, dry, scab-like wart.  During this period the injected  growths 
stopped enlarging, some dwindled slightly, and the smallest became obscured by 
the reactive proliferation  called forth by the Scharlach  R  injections.  Between 
the 68th and 82nd days this growth reappeared,  however, and later it grew to a 
considerable size.  While  it was doing so, growths reappeared  on the right side 
at two situations,  and the one already present  enlarged  a  little.  Photographs 
(Figs. 5 and 6) taken on the 91st day show the stimulated  growths as 8 large, fun- 
goid papillomatous  masses,  and those on the control side  as  2 small,  scab-like 
warts (w) with 3 flat, pigmented scars (s) marking the situations of papillomas that 
had disappeared.  By the 121st day the surface growths on the injected side were 
dwindling  rapidly;  underneath  them  at  this  time,  however,  small,  rounded, 
smooth, subcutaneous  nodules (pearls) had appeared,  and a biopsy of one of them 
on this day revealed an epidermal cyst 0.8 cm. in diameter, filled with lameUated, 
keratinized  scales and surrounded  by a somewhat irregular  rind of differentiating 
papilloma tissue up to ½ mm. thick, embedded  in dense reactive  tissue  consisting 
largely of fibroblasts.  3 weeks later the surface growths on the injected  side had 
disappeared  entirely,  as had also the small, dry scabs from the control side.  At 
this time subcutaneous  cysts, 0.2 to 2.0 cm. in diameter,  were to be seen at 6 sites 
on the left side, pushing up the scars that marked sites whence the stimulated sur- 
face  papillomas  had  retrogressed.  These  cysts  persisted  for  many  months, 
often rupturing spontaneously  through the skin to discharge yellowish, dry, lamel- 
lated material.  2 of them received 4 injections of 0.1 cc. of Scharlach R in olive 
oil during  the 8th month, but they were not notably changed  thereby.  Fig.  7, 
taken on the 280th day, shows the cysts then present  at 5 sites.  The rabbit was 
killed 13 months after the virus inoculation and 9 months after the last of the sur- 
face growths had disappeared.  Although no stimulating  injections of Scharlach R 
had been given for 4 months prior to the animal's  death, several of the cysts per- 
sisted.  At autopsy, 3 of them were present  1 to 3 cm. in diameter,  and one had 
ruptured through the skin  and was discharging lameUated material.  The micro- 
scope showed that all were simple cysts filled with keratinized scales and lined with 
a living, proliferating  layer of papillomatous  epithelium  encapsulated  in sclerotic 
connective  tissue. 
Retrogression  occurred  in  6  rabbits  in  these  experiments.  In  3 
it involved the papillomas injected with  Scharlach R  and the control 
growths simultaneously, whereas in 2  others the injected  papillomas 
persisted  for a  few days after  the  control growths had  disappeared jom~ c.  mD  569 
completely.  In the sixth instance,  however, the  injections caused 
the  papilloma cells  to proliferate for many months after the control 
growths on the same animal had retrogressed entirely.  In this case 
the resistance developed by the host against the papillomas was of 
but moderate degree,  and  under these circumstances the  Scharlach 
R  injections proved the determining element in their fate. 
It is plain that favorable local conditions can influence notably and 
even decisively the fate of the papilloma.  Occasionally they may 
account for  the  persistence  of  growths  which might  otherwise be 
overcome by a retrogressive influence of generalized character.  Such 
exceptional instances appear analogous to those previously cited of 
transient intercurrent retrogression, in which only the smaller of a 
number of discrete growths disappeared, the larger persisting, though 
much diminished in size, and eventually growing again.  Evidently 
in some instances the balance is finely drawn between the proliferative 
activity of the enlarging papillomas on the one hand, and the resisting 
host forces on the other.  When this is the case, local conditions may 
prove decisive for the fate of the growths. 
DISCUSSION 
Virus-induced tumors are the result of a singular partnership, with 
cells and virus working actively together to produce a disease.  When 
conditions are favorable to both, vigorous growths arise; but such con- 
ditions do not always obtain.  The experiments here reported show 
that conditions sometimes become bad for the cells of the rabbit papil- 
loma, although remaining good for the virus associated intimately with 
them; and in these instances the growths retrogress, despite the sus- 
tained pathogenicity of  the virus. 
Retrogression of the rabbit papilloma is the result of a generalized 
resistance of host origin, elicited by the proliferating cells (Experiment 
4); but this resistance is distinct from that directed against the virus 
itself, as manifested in the development of humora!, antiviral anti- 
bodies.  These antibodies neutralize the virus in vitro,  yet they do 
not influence the course of the growths it induces.  In some rabbits 
the  growths  enlarge progressively although nourished by blood of 
high antiviral potency, whereas in others in which the antiviral titer 570  COURSE  OF  VIRUS-INDUCED  RABBIT  PAPILLOMAS 
of the serum is comparatively low, they dwindle and disappear (3). 
The living papilloma ceils evidently protect the papilloma virus,  as 
other cells do other viruses (4), and apparently they protect it amply. 
If humoral antibodies ever neutralized the virus associated with papil- 
loma ceils not otherwise damaged, one might expect these to revert 
to the normal; but no evidence of any such occurrence has been en- 
countered in  the  many  sections of retrogressing growths  examined 
with this point in view.  The papilloma ceils remain such until they 
die. 
In what way can retrogression of the papillomas take place despite 
the continued presence of highly pathogenic virus in association with 
them?  The histological  changes about retrogressing papillomas are 
identical with those taking place where other proliferating tissues (neo- 
plastic  or  non-neoplastic)  retrogress  in  consequence  of  resistance 
directed  against  the  cells.  Although  the  precise  character  of  the 
host  reaction  responsible  for  retrogression  is  still  uncertain,  ~ it  is 
known, in the case  of  transplanted tissues,  to  be the  expression of 
resistance elicited by and directed against the proliferating cells (10). 
During  retrogression  some  transplanted  tumors  grow  smaller  by 
disappearance of their peripheral tissue, and the multiple growths of 
any  one  animal retrogress simultaneously (7).  Both these phenom- 
ena  are  to  be  observed  in  the  case  of  the  papilloma.  The  host 
influence responsible for the retrogression of transplanted growths is 
sometimes transient in its effects, with result in alternate enlargement 
and dwindling (10), and this is true of the papilloma as well.  When 
host resistance is weak neither transplanted growths  nor  the  virus- 
induced  papillomas  need  adjuvant  influences  to  enable  them  to 
grow, and when it is strong none of  the  influences  thus  far  tested 
can  prevent  their  retrogression;  but  when  it  is  indecisive  inter- 
2  Woglom (8) has reported the recovery and partial purification of an agent from 
the spleens of rats rendered  resistant  to a  transplanted tumor which will act 
against tumor cells in vitro; and the recent experiments of Gorer (9) provide evi- 
dence that the resistance effective against transplanted tumor cells, at  least  in 
certain instances, is the result of an immunological response elicited because of 
antigenic differences between the tissues of the animal in which the growth arose, 
and those of its new host. JOm~ o.  ~mD  571 
current  factors  influencing  for  good  or  ill  the  proliferation  of 
the growths may determine their fate, as the present work and pre- 
vious experience have shown (10).  From this it follows that retro- 
gression of the papilloma, though affecting the animal's own cells, 
is  similar in its manifestations to the retrogression of transplanted 
tumors; and good reason exists for supposing that it is brought about 
by the same means, namely by a host resistance directed against the 
cells. 
Lacassagne  has  recently  found  that  retrogression  of  the  rabbit 
papilloma can be brought about with Roentgen rays in dosages which 
suffice to kill the papilloma cells in situ, but do not harm the virus 
in  vitro  (11).  The retrogression due  to  the  rays,  like  that  which 
is  the outcome of natural forces, as described in the present paper, 
must be referred to conditions that are bad for the cells but ineffec- 
tive against the virus associated with them.  Woglom has pointed 
out (10) that during retrogression of transplanted tumors cell division 
often still goes on in some parts of the growth, as if they were still 
in good state.  It is doubtless in such regions, which have also been 
noted in  retrogressing papillomas, that  the virus persists in active 
form. 
Individuals do not ordinarily manifest resistance directed against 
their  own tissues,  but this phenomenon is  not unknown.  Certain 
viruses cause alterations in the constituents of cells which they infect, 
with result that these become autogenous antigens and elicit ~mmun- 
ological responses  (12);  and resistance manifested by an individual 
against its own tissues has been encountered in other states  (auto- 
hemagglutination, paroxysmal hemoglobinuria), either as a  natural 
occurrence or induced experimentally (13). 
Factors similar to those influencing the course of the rabbit papil- 
loma can be  discerned in  the case  of the virus-induced  tumors of 
fowls.  The  vigor  of  these  growths  varies  both  with  the  patho- 
genicity of the  virus inoculum, and with  the  susceptibility of the 
cellular fabric upon  which it acts (young and old hosts, different breeds). 
In some fowls conditions are favorable both to the virus and to the 
cells that become infected with it, and in these individuals the growths 
are  largest.  In others,  less fortunate conditions obtain and retro- 572  COURSE  OF VIRUS-INDUCED RABBIT PAPILLOMAS 
gressing growths are  got,  the  histological  changes then  indicating 
that  the  retrogressive influence is  directed against  the  cells.  The 
cells  of retrogressing fowl tumors do not revert to the normal, but 
remain such until they die, just as happens in the case of the papil- 
loma.  The fowl tumor cells protect the causative viruses from the 
action of humoral antiviral principles, as do the papilloma cells (14). 
These various phenomena illustrating the respective r61es of virus, 
cells, and host provide a close parallel with the state of affairs in the 
virus-induced papillomas  of  rabbits.  It  seems  probable  that  the 
same general principles will be  found to  hold good in  the  case  of 
other tumors due to viruses. 
STJ'MM'ARY 
An experimental analysis of the factors responsible for the observed 
differences in the course of virus-induced papillomas of the rabbit has 
shown that some are referable to the virus, others to the cells,  and 
yet others to host influences.  The interplay of these factors affords 
enlightening illustration of the nature of the cell-virus relationship 
in virus-induced tumors.  Retrogression of the rabbit papillomas ap- 
pears  to  be  consequent on  a  generalized resistance  of  host  origin, 
elicited by and directed against the proliferating, virus-infected cells. 
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20,  419. S74  COURSE  O~  VIRUS-INDUCED RABBIT PAPILLOMAS 
EXPLANATION OF PLATES 
PLATE 21 
Figs. 1 and 2.  To illustrate individual differences  in the epidermal response to 
proliferative influences.  The specimens were procured from 2 rabbits 5 days after 
the last of 3 intradermal injections of Scharlach R into a skin site previously nor- 
real.  Such repeated injections had been made at 8 spots in each animal, and the 
specimens photographed are representative.  One of the rabbits carried large and 
vigorous virus-induced papillomas, whereas in the other, inoculated at the same 
time and with the same material, the growths had retrogressed after brief prolifer- 
ation.  It will be seen that the epidermis from the individual with vigorous papil- 
lomas (Fig. l) exhibits far the greater hyperplasia.  XS. 
Figs. 3 and 4.  To show the effect of injections of Scharlach R  in olive oil on 
enlarging papillomas.  Fig. 3 shows the ordinary, discrete papillomas existing on 
one side of a rabbit 183 days after virus had been tattooed into the skin at 8 spots. 
X  8/~.  Fig. 4 shows growths of the same origin on the opposite side of the animal, 
which had received 8 injections each of Scharlach R in olive oil at weekly intervals 
between  the  26th  and  75th  days.  The  undisturbed  growths  are  mere,  small 
papillomas, consisting mostly of keratinized cleft peaks, dry almost to their bases, 
while the injected growths have become huge, coalescent, fleshy discs with ulcerat- 
ing surfaces and many nodular, subepidermal extensions from their bases.  X  8/~. THE JOURNAL OF EXPERIMENTAL MEDICINE VOL. 67  PLATE 21 
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FIGS. 5, 6, and 7. To show the influence  of injections  of Scharlach R in olive  oil 
on the  papillomas  of  a rabbit  with moderate resistance  to  the  growths. Fig.  5 shows 
growths which had become large,  fungoid,  papillomatous discs  in consequence of 
injections  of the dye (D. R. 21--91st day).  × 3/5. Fig.  6 shows the uninjected 
growths on the  opposite  side  of the animal on the same day. 2 small,  dry scab-like 
warts (w) alone  remain of the 8 original  growths. The sites  of 3 others  are marked 
by flat,  pigmented scars  (s). X 3/5. The scurfyareas  near the  centers  of  Figs.  5 and 
6 mark the sites  where the Scharlach R preparation  had been injected  into  normal 
skin. Fig. 7 shows subepidermal, papillomatous cysts  persisting  at several  situa- 
tions  where the superficial  papillomas of Fig.  5 had long since  retrogressed,  as had 
the growths on the opposite  side. 280th day.  X 3/5. THE JOURNAL OF EXPERIMENTAL MEDICINE VOL. 67  PLATE 22 
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